INTRODUCTION
The HOS is a longitudinal evaluation of the physical and mental health outcomes of beneficiaries enrolled in MMC plans nationwide. Part of the effectiveness of care component of the HEDIS ® , the HOS uses the SF-36 ® Health Survey as its primary outcomes measure (National Committee for Quality Assurance, 2003) . This survey is widely used in monitoring population health, evaluating treatment outcomes, estimating disease burden, and monitoring outcomes in clinical practice. It is the subject of more than 4,000 published studies, with thousands of studies including the elderly, and hundreds of studies limited to the elderly (Turner-Bowker, Bartley, and Ware, 2002) .
Inclusion of the SF-36 ® in the HOS is based on the assumption that data meet minimum psychometric requirements in the Medicare population. The psychometric properties of its scales among the elderly have been examined in a number of studies. Generally, these studies have concluded that the scales are suitable for use among community-dwelling adults age 65 or over. However, several researchers have noted that interview administration may be needed in some elderly populations, and that the scales may have limitations when used with the frail elderly (Hill, Harries, and Popay, 1996) . Some studies also have noted higher missing data rates for some items, including limitations in vigorous activities and work/other daily activities.
While these studies generally have demonstrated that the methods used to construct and score scales and summary measures are appropriate for the elderly, small sample sizes have precluded subgroup analyses by characteristics such as ethnicity or educational level. Due to the size of the HOS, we were able to compare data quality and the psychometric performance of the scales and summary measures across multiple groups differing in sociodemographic and clinical characteristics. Thus, in addition to allowing for evaluation of the consistency of psychometric results across diverse groups in the HOS, these results also can serve as reference data for specific subgroups.
METHODS

Data
The HOS has been described in detail elsewhere (Haffer et al., 2003 ; National Committee for Quality Assurance, 2003) . In brief, it is an ongoing longitudinal study that began in 1998. One thousand beneficiaries from each MMC contract market are randomly selected for the HOS annually. Beneficiaries must be continuously enrolled in their plan for at least 6 months prior to sampling. Medicare disabled beneficiaries are included; ESRD patients are excluded. Sampled beneficiaries receive an advance letter from CMS, followed by the questionnaire 1 week later. A second mailing is made to non-respondents 1 month later. Beneficiaries who do not respond to either mailing are contacted up to six times to complete a telephone interview. National Committee for Quality Assurance-certified vendors collect the data, using standard mailing materials and telephone script. Beneficiaries who completed the baseline survey and remained in the same managed care plan are resurveyed at the 2-year followup.
Data reported in this article were collected in 1998 for the Cohort I baseline HOS survey, in which a total of 279,135 beneficiaries were sampled. Beneficiaries primarily were enrolled in M+C HMOs, although a small percent were in continuing cost or demonstration plans. The response rate for the Cohort I baseline survey was 64 percent. Respondents to the sur vey were slightly younger (mean age=73.1 for respondents versus 73.5 for non-respondents, p<0.0001); slightly more likely to be female (56.9 versus 56.5 percent, p<0.05); and more likely to be white (88.0 versus 82.6 percent, p<0.001).
Health Status Measure
The SF-36 ® Health Survey is the primary health outcomes measure in the HOS. It contains multi-item scales measuring eight generic health concepts: physical functioning (PF), role limitations due to physical health problems (RP), bodily pain (BP), general health perceptions (GH), vitality (VT), social functioning (SF), role limitations due to emotional problems (RE), and mental health (MH) (Ware and Sherbourne, 1992; Ware et al., 1993) . A single-item measure of comparative health (HT) is also included. More information on the development and evaluation of SF-36 ® scales can be found in (Ware, 2000a) .
Summar y measures of physical and mental health, PCS and MCS, are calculated from the eight scales using algorithms recommended by the developers (Ware and Kosinski, 2001a) . The PCS and MCS were constructed to simplify and improve the analysis of health outcomes by: reducing the number of variables analyzed without much loss of information; measuring across a wider range of score levels than the scales; increasing the reliability of scores by pooling common reliable variance across scales; and improving the validity of scores in discriminating between physical and mental health outcomes by constructing orthogonal component summary scores (Ware et al., 1995) . PCS and MCS are the main outcomes measures in the HOS.
Analysis
Assumptions underlying the scoring and construction of the eight scales and two summary measures were evaluated. If assumptions are met, these measures can be scored using standard algorithms (Ware, 1993; 2001a) .
Data Quality
A scale score can be more confidently estimated where there are no missing data. Data quality was evaluated by examining the percent of respondents with missing data for each item; the percent with complete data for each scale; and the percent for whom scale scores and summary measures could be calculated using recommended SF-36 ® scoring algorithms, as in previous studies .
Tests of Scaling Assumptions and Scale Properties
A number of scaling assumptions were tested. First, while classical scaling criteria for summated rating scales suggest that item means should be roughly equivalent within a scale, heterogeneity of item content may make it appropriate for means to be non-equivalent in practice (Edwards, 1957) . Item means are expected to vary within scales. However, the rough difference between them should be reproducible across samples, if items are consistently spaced along the health continuum (Ware et al., 1993) . Hypotheses about the relative position of items were examined, based on item content and previous studies (Gandek and Ware, 1998; McHorney, 1994) . All items are scored so a higher value indicates a better health state.
Second, the Likert (1932) method assumes that item standard deviations are roughly equivalent within a scale; items should be standardized if variances vary greatly. In practice, most items in widely used summated rating scales satisfy this standard and there is little to be gained if items are standardized (Ware et al., 1997) . However, this assumption was evaluated by visually examining item standard deviations.
Three additional scaling assumptions were tested using a correlation matrix of items and scales. First, each item was examined to see if it was substantially linearly related to the scale score computed from all other items in its hypothesized scale (test of item internal consistency). Item internal consistency generally is considered satisfactory if an item correlates 0.40 or more with its hypothesized scale, after correction for overlap (i.e., correlation with a scale score computed from all other items in that scale) (Howard and Forehand, 1962) .
Second, item-scale correlations also were examined to determine if they were approximately equal within a scale, to enable aggregation without weighting. When all items contribute substantially to the total score, this test has been considered satisfied, even if item-scale correlations vary. Only rarely would unequal weighting across items improve the performance of a scale enough to justify the added complexity associated with item weighting within the Likert scaling framework (Ware et al., 1997) .
Finally, in addition to demonstrating that an item is measuring what it is supposed to measure, it is important that an item not be a strong measure of other concepts (test of item discriminant validity). Following the logic of the multitrait/multimethod approach (Campbell and Fiske, 1959) , the SF-36 ® was constructed to achieve item discriminant validity as manifested by a significantly (p<0.05) higher correlation between each item and its hypothesized scale than with scales measuring other concepts; this is labeled a definite scaling success (Ware et al., 1997) . As in previous studies, the scaling success rate is the ratio of the number of definite scaling successes relative to the total number of item scaling tests for each scale .
Internal consistency reliability was estimated using Cronbach's (1951) coefficient alpha. Reliability of measurement refers to the extent to which the measured variance in a score reflects true score, rather than random error. A minimum reliability coefficient of 0.70 has been suggested for group-level analyses (Nunnally and Berstein, 1994) .
The percentage of respondents achieving either the highest score (ceiling) or lowest score (floor) also was evaluated. If a high proportion of respondents score at either the ceiling or floor, the ability of the scale to detect change over time in that group is limited.
Scales and summary measures were scored for the psychometric analysis as recommended by the developers (Ware and Kosinski (2001a) ), except that the first bodily pain (BP1) and general health (GH1) items were not recalibrated, and the second bodily pain item (BP2) was not rescored. In addition, improved algorithms recommended by the developers were used to score the PCS and MCS, which increased the number of respondents for whom scores could be computed, and reduced score estimation and sampling bias (Ware, 2000a) . In brief, this missing data estimation (MDE) approach uses item response theory to score the PF scale, and regression techniques to score the summary measures when scores are not available for all eight scales, as required by the original scoring algorithms.
Data quality was analyzed for all respondents who answered any part of the HOS questionnaire. Tests of scaling assumptions and factor analyses used data from respondents for whom all eight scale scores could be calculated. Tests of scaling assumptions used the MAP-R for Windows software (Ware et al., 1997) . The exact content of the items and response choices is reproduced in (Ware and Sherbourne, 1992) .
Factor Analysis
Two distinct higher-order physical and mental health factors have accounted for 80-85 percent of the reliable variance in the eight scales in the U.S. general population (Ware and Kosinski, 2001a) and among Medical Outcome Study (MOS) patients (McHorney, Ware, and Raczek, 1993) . Based on these results and tests of the clinical interpretation of the two factors, psychometrically-based PCS and MCS health summary measures have been constructed by summing the eight-scale scores, after standardizing and applying PCS-and MCS-specific weights to each scale (Ware et al., 1995; Ware and Kosinski, 2001a) . A linear transformation is then used to norm the measures, such that a value of 50 is the U.S. general population (1998) mean and 10 is the standard deviation. Norm-based scoring of all eight scales and the summary measures, as recommended by the developers (Ware and Kosinski, 2001a) , has the advantage of easily facilitating interpretation of results across measures, as all measures have comparable means and standard deviations. This is illustrated in Figure 1 , which presents norm-based results for the Cohort I elderly (age 65 or over) and disabled (under age 65). As can be seen from the figure, disabled beneficiaries scored well below the general population norm on all measures. The elderly scored below national norms on measures that primarily measure physical health (e.g., PCS, PF, RP), but at or near the norms on scales that primarily measure mental health (e.g., MCS, MH, RE).
The same methods of factor extraction and rotation were used to test the appropriateness of the standard PCS and MCS scoring algorithms in the HOS. Two principal components were extracted from the correlations among the scales; components were rotated to orthogonal simple structure using the varimax method to facilitate comparisons with published results and for ease of interpretation. Criteria commonly used to evaluate factor analyses using the principal components method were routinely applied (Harman, 1976) . The pattern of correlations between the eight scales and the two rotated components was examined to determine the basis for their interpretation as physical and mental components.
Based on previous studies (McHorney, Ware, and Raczek, 1993; Gandek and Ware, 1998; Ware and Kosinski, 2001a) , we hypothesized that: extraction of two components would be supported; more than 60 percent of the total and 80 percent of the reliable variance across scales would be explained by the two components; and more than 50 percent of the total and 70 percent of the reliable variance within each scale would be explained by the two components. The PF scale was hypothesized to correlate highest (lowest) with the physical (mental) component, followed by RP and BP. The MH scale was hypothesized to correlate highest (lowest) with the mental (physical) component, followed by RE and SF. The GH and VT scales were hypothesized to correlate moderately with both components.
Subgroup Analyses
Data were examined separately for self and proxy administrations. For beneficiaries who completed the survey by self-administration, data also were examined by age, sex, race, education, income, and survey mode. Additional analyses were conducted on subsets of beneficiaries who self-administered the form but might be expected to find the items more difficult to answer. These included beneficiaries on Medicaid or who were disabled (age 18-64), had 3 or more self-reported chronic conditions (out of 17), screened positive for likelihood of depression, had vision problems (mail survey), or had hearing problems (telephone survey). In addition, beneficiaries deemed most likely to have problems answering the survey (less than a 12th grade education, three or more chronic conditions, and a positive screen for likelihood of depression) were examined separately. All respondents completed the survey in English. Chinese and Spanish translations of the HOS were available starting in Cohort I (Chinese) and Cohort II (Spanish). Data on the psychometric performance of Chinese and Spanish translations in the elderly are available elsewhere (Ren et al., 1998; Health Assessment Lab, 2000) .
Based on previous studies , we expected worse results for beneficiaries who were older, had less education, or were living in poverty. We also expected slightly higher rates of missing data for both role functioning scales (Gandek and Ware, 1998; McHorney et al., 1994) . As in other general population samples, floor and ceiling effects were expected to be minimal for the three scales measuring both disability and well-being (GH, VT, MH) (Ware et al., 1993) . Due to the relative coarseness of the role scales in Version 1.0, notable floor and ceiling effects were expected for the RP and RE scales. Ceiling effects also were expected for the SF scale. We expected lower ceiling effects and higher floor effects with increased age and among beneficiaries with multiple medical conditions or functional limitations, or who screened positive for likelihood of depression. We did not expect to see substantial differences in the principal components results by age or sex, but did expect to see differences for Asians (Ren et al., 1998) .
RESULTS
Data Quality
Twenty-four percent of respondents did not answer one or more of the 36 items. However, the percent of missing data for each item was relatively low overall (median=3.1 percent), ranging from 0.7 to 5.6 percent ( Table 1) . As expected, missing data rates were somewhat higher for RP and RE items (range=4.5 to 5.6 percent). As noted by Ware (1998), and McHorney et al. (1994) , PF questions which were ordered as a Guttman scale 1 (i.e., climbing stairs (PF4-PF5) and walking various distances (PF7-PF9)) generally showed higher missing data rates for the last item(s) in the sequence.
Overall, the percent of respondents who answered all items within each scale ranged from approximately 95 percent for the role functioning scales to 97-98 percent for all other scales (Table 2) . Data completeness rates were slightly lower for proxy respondents. Among beneficiaries who completed the survey by self-administration, data completeness declined slightly with increased age and lower education and income. There were no systematic differences by sex or race/ethnicity. Data completeness rates for the role functioning scales were lower among beneficiaries with vision problems, or low education plus multiple health conditions. Nevertheless, 93-94 percent of beneficiaries in these two groups answered all role functioning items.
Scales are scored as long as respondents answer at least one-half of the items within a scale, using a person-specific value to impute for missing data within a scale.
After imputing values for missing data, 92.2 percent of respondents had scores for all eight scales. Role functioning scales could be calculated for 95-96 percent of respondents, while scores for all other scales could be calculated for 97-99 percent ( Table 3 ). PCS and MCS scores could be calculated for approximately 97 percent of respondents using the MDE scoring method and 92.2 percent of respondents using the original algorithms (which require that all eight scales be scored to calculate a summary score). Patterns within various subgroups were similar to those seen for data completeness tests, with somewhat lower rates for proxy respondents, beneficiaries who were age 85 or over, had vision problems, or had low education plus multiple health conditions.
Tests of Scaling Assumptions
Item Means and Standard Deviations
Hypothesized patterns of differences in item means were observed (Table 1) . Within the PF scale, the most difficult item (vigorous activities) had the lowest mean (1.66; 1=limited a lot, 3=not limited) and the easiest item (bathing and dressing) had the highest. Item means increased as item difficulty decreased across groups of PF items ordered as Guttman scales (PF4-PF5, PF7-PF9). As expected, VT items that measured energy (VT1-VT2) had lower mean values than items measuring fatigue (VT3-VT4), because well-being items define a higher level of health. Similarly, MH items measuring positive affect (MH3 and MH5) had lower mean values than items measuring negative affect (MH1, MH2, and MH4). Item standard deviations were roughly equivalent within scales, except for the bathing/dressing item.
Item Internal Consistency
All item-hypothesized scale correlations were greater than 0.40 and thus met the test of item internal consistency (Table 1 Scores were computed using the half-scale rule for the eight scales and missing data estimation algorithms for summary measures.
2 Had 3+ self-report conditions (hypertension, angina, congestive heart failure, myocardial infarction, other heart disease, stroke, respiratory disease, gastrointestinal disorder, arthritis hip/knee, arthritis hand/wrist, sciatica, diabetes, cancer).
3
Responded yes to at least one of two items about feelings of depression in past year. studies (Gandek and Ware, 1998; McHorney et al., 1994) . Item-scale correlations for items at the ends of the physical functioning spectrum (PF1, PF10) were lower than correlations for other PF items, as expected; internal consistency tests generally favor items with a mean close to the average (Nunnally and Bernstein, 1994) . Also, hypothesized item-scale correlations for the GH items measuring resistance to illness (GH2) and health outlook (GH4) generally were lower than itemscale correlations for the other three GH items, which measure current health. Item-scale correlations generally were greater than 0.40 and roughly equivalent within a scale (with the exceptions as previously noted) for different subgroups (Table 4) . Item-scale correlations were below 0.40 for one general health item (GH4-expect health to get worse) for the hearing impaired group and the group with low education plus multiple health conditions, and for telephone respondents. The item-scale correlation for PF10 (bathing and dressing) also was 0.38 for the subgroup with low education plus multiple health conditions. However, overall scaling assumptions were met within subgroups.
Item Discriminant Validity
Items discriminated well within the total sample, with 100 percent scaling success rates (indicating that items had significantly higher correlations with their hypothesized scales than with other scales) across all scales (data available on request from the authors). Within subgroups, scaling success rates were 100 percent in 257 out of 272 tests (34 subgroups times 8 scales). Success rates for the GH scale ranged from 92.5 to 97.5 percent for three groups (Black, Vision Problems, Hearing Problems). Scaling success rates ranged from 96.9 to 98.8 percent for the PF, VT and MH scales among Asian beneficiaries, due to high correlations among some MH and VT items, and a high correlation between the vigorous activities item (PF1) and other scales. The scaling success rate for MH among Hispanics also was 97.5 percent, again due to high correlations between some MH and VT items. Rates also were lower for some scales in the Proxy-Friend (range 87.5 to 100 percent; median=98 percent) and Proxy-Caregiver (range 37.5 to 100 percent; median=96 percent) groups.
Internal Consistency Reliability
Internal consistency reliability estimates were greater than 0.70, the minimum standard for group comparisons, for all scales and summary measures, across all subgroups (Table 5) . Reliability of the PCS and MCS was 0.94 and 0.89 for the total sample, respectively. Internal consistency reliability statistics generally did not vary across age, sex, education, or income groups, with few exceptions. Reliability was lowest in the group with low education plus multiple health conditions, but even within this group, values ranged from 0.73 to 0.91, and thus exceeded the 0.70 minimum recommended for group comparisons.
Floor and Ceiling Effects
As hypothesized, floor and ceiling effects were generally low for the three bipolar scales (GH, VT, MH), ranging from 0.2 to 6.9 percent in the total sample (Table  6 ). Floor and ceiling effects were modest for the PF and BP scales (floor=2.6 and 1.5 percent, ceiling=8.8 and 18.6 percent, respectively). The RP and RE scales had substantial floor and ceiling effects (floor=29.4 and 16.7 percent, ceiling=43.2 and 65.8 percent, respectively), while the SF scale had a notable ceiling effect (46.8 percent). For the role functioning scales, ceiling effects generally declined (and floor effects increased) with increased age (among the elderly), lower education, and lower income. Floor effects were greater for those who were disabled, or who had low education and multiple medical conditions. Had 3+ self-report conditions (hypertension, angina, congestive heart failure, myocardial infarction, other heart disease, stroke, respiratory disease, gastrointestinal disorder, arthritis hip/knee, arthritis hand/wrist, sciatica, diabetes, cancer).
2
Responded yes to at least one of two items about feelings of depression in past year. Floor effects for the RE scale also were notable for those who screened positive for likelihood of current depression.
Factor Analysis
Although eigenvalues for the first two factors were 5.08 and 0.77, extraction of two factors was supported by an examination of scree plots, variance explained by the second factor (10 percent), and substantial unrotated loadings (>0.48) for two scales (MH, RE) on the second factor. Seventy-three percent of the total and 85 percent of the reliable variance in scale scores was accounted for by the two components. The total and reliable variance explained in each scale by the two components was substantial, ranging from 68 to 80 percent (median=73 percent) across scales for the total variance and 79 to 97 percent (median=84 percent) for the reliable variance. The pattern of correlations observed between scales and the two rotated principal components supported their interpretation as physical and mental health components (Table 7) . As hypothesized: the PF scale correlated strongest (0.85) with the physical component and weakest (0.18) with the mental component; both RP and BP scales had stronger correlations (RP=0.77, BP=0.78) with the physical component than the mental component (RP=0.33, BP=0.26); the MH scale correlated highest (0.85) with the mental component and along with RE correlated lowest (0.27) with the physical component; and the GH and VT scales had noteworthy correlations with both components.
The range of correlations obser ved between scales and the two rotated principal components across the subgroups supported the interpretation of the two components as physical and mental (results for five subgroups in Table 7 ; other results available on request from the author). The greatest departures were seen in the results across racial/ethnic groups. Within the Asian group, the BP, GH, and VT scales had higher loadings on the mental component and somewhat lower loadings on the physical component. The RE scale also had a higher loading on the physical component (0.48) and lower loading on the mental component (0.54) among Asians. This pattern has been seen in other studies of Asian populations (Gandek and Ware, 1998; Ren et al., 1998) .
DISCUSSION
To the best of our knowledge, this study is the largest evaluation of data quality and psychometric performance of the SF-36 ® scales and summary measures among the elderly and disabled. Overall, data quality was satisfactory and scoring assumptions were met, across the total sample and within subgroups. Missing data rates generally were low, although somewhat higher for role physical and role emotional items. Tests of assumptions underlying the construction and scoring of scales generally were satisfied, although some analyses confirmed hypothesized poorer performance among the more disadvantaged subgroups. Regardless, internal consistency reliability estimates for the scales were above 0.70, the accepted standard for group comparisons, for all scales in all subgroups studied. Factor analysis confirmed the two hypothesized physical and mental components and strongly supported the construction and scoring of the PCS and MCS, as recommended by their developers (Ware et al., 1995) . Reliability estimates were above 0.90 for the PCS in all but one subgroup and generally ranged from 0.87-0.90 for the MCS. The quality and consistency of these results is noteworthy given that the data were collected by six different survey vendors who used both mail and telephone administrations of surveys. Since most of the 36 items have their roots in instruments that were originally developed for use with the elderly and disabled (Ware et al., 1993) , the strength of these results should not be surprising, and our results are consistent with those reported in the literature. Across five studies reporting data completeness (Andresen et al., 1996; Brazier et al., 1996; Lyons, Perry, and Littlepage, 1994; McHorney et al., 1994; Parker et al., 1998) , the median percentage of respondents for whom scale scores could be calculated was 92-93 percent for RP and RE; 95 percent for PF, GH, and VT; and 97 percent for BP, SF, and MH. Hobson and Meara (1997) also reported that 24 percent of elderly Parkinson's disease patients missed one or more items (Hobson and Meara, 1997) . Across 10 studies reporting internal consistency reliability statistics for the elderly (available from the author on request), median internal consistency reliability statistics ranged from 0.76 (GH) to 0.91 (PF), with other statistics ranging between 0.80 and 0.89. Floor and ceiling effects, which refer to concentrations of scores at the lowest and highest possible levels, have been reported frequently (Anderson, Laubscher, and Burns, 1996; Beusterien, Steinwald, and Burns, 1996; McHorney et al., 1994; McHorney, 1996; Reuben et al., 1995) although results have varied depending on the populations studied. However, median floor effects were low for most scales (0-2 percent for six scales across all five studies), but were substantial for the RP (30 percent) and RE (14 percent) scales. Median ceiling effects were 7 percent or below for four scales (PF, GH, VT, MH), but were higher for RP (31 percent), BP (20 percent), SF (49 percent), and RE (62 percent) in those studies.
Floor and/or ceiling effects are inevitable in the Version 1.0 role functioning scales because the role functioning items have two response choices (yes/no) and thus, the scales define only four or five distinct levels (Ware et al., 1993) . To address this issue, Version 2.0 of the SF-36 ® uses five response options (all of the time, most of the time, some of the time, a little of the time, none of the time) for both role scales. This improvement has yielded a five-fold increase in the range of levels measured by both Version 2.0 role functioning scales and has substantially reduced ceiling and floor effects (Ware, Kosinski, and Dewey, 2000b) . In a general population sample of adults age 65 or over who completed both SF-36 ® versions, floor effects for the role physical scale declined from 26 percent in Version 1.0 to 3 percent in Version 2.0, while ceiling effects declined from 38 to 17 percent. Similar results were seen for the role emotional scale, with a reduction in floor effects from 14 to 2 percent and in ceiling effects from 67 to 47 percent (Kosinski, 2004) . The fact that the floor has been lowered the most is particularly relevant to the HOS because the elderly are more likely to decline than improve in health over time and it is not possible to measure a decline in functioning below the floor of any particular scale. Other solutions, including the targeting of role functioning items to each respondent's level of functioning using computerized dynamic health assessments, are currently being evaluated (Ware, 2003) .
Among the advantages of the PCS and MCS summary measures, the primary HOS outcome measures, is their greater reliability over a much wider range of scores, their virtual elimination of floor and ceiling effects, and their greater validity in discriminating between physical and mental health outcomes (Ware et al., 2004) . The eight scales are substantially intercorrelated (most >0.50 in the HOS) and substantially intercorrelated summary components would offer little advantage when it comes to interpreting outcomes. To achieve these advantages, the HOS has adopted the orthogonal scoring of the PCS and MCS summary measures as recommended by the developers (Ware et al., 1995; Ware and Kosinski, 2001a) . Specifically, the use of principal components analysis rather than principal factor analysis and orthogonal over oblique rotations has a number of advantages, including: a simple additive model of factor content, thereby facilitating the interpretation of each scale; summary measures that explain as much of the variance in the eight scales as possible; summary scales that are easy to score; and summary scales that have good discriminant validity and are interpretable as physical and mental dimensions of health (McHorney, Ware, and Raczek, 1993; Ware, 2000a) .
Among the practical advantages of the PCS and MCS is the virtual elimination of ceiling and floor effects. In contrast to the results for the eight scales, only 2 percent of respondents scored within 15 points (1.5 standard deviations) of either the PCS or MCS ceiling or floor at baseline, within the first two HOS cohorts (Ware et al., 2004) . Concerns expressed regarding extreme PCS and MCS scores (Taft, Karlsson, and Sullivan, 2001 ) have prompted examination of HOS and other data relevant to the validity and interpretation of very high and very low scores (Ware and Kosinski, 2001b) . For example, in support of their validity in the HOS, beneficiaries with very low (i.e., PCS below 20) scores at baseline have onefourth higher 2-year death rates, compared to those scoring 21-30 (21.4 versus 17.3 percent, respectively) at baseline (Ware and Kosinski, 2001b) . A growing number of peer-reviewed randomized controlled trials and other health outcomes studies also support the validity of the PCS and MCS summary measures, including more than 120 summarized for 1994 to 2000 (TurnerBowker, Bartley, and Ware, 2002) .
As seen in other studies of the elderly, missing data rates were slightly higher for the role functioning items. It has been suggested that these items are problematic for the elderly because they include the word "work" (Hill, Harries, and Popay, 1996) , and one researcher (Hayes et al., 1995) suggested rewording the role functioning items to ask about limitations in "regular daily activities (or work)". A study using the reworded items only found a slight improvement in missing data rates, and Hobson and Meara (1997) concluded that the disadvantage of losing comparability with other SF-36 ® studies far outweighed the minor gain in data completeness. We also note that in spite of somewhat higher missing data rates, role functioning scales could be scored for 95-96 percent of respondents overall, and for at least 92-93 percent of respondents in all subgroups.
This study used classical test theory to evaluate the SF-36 ® data. Studies of other data using item response theory (IRT) have shown strong linear associations between summated ratings scores for scales and those derived from IRT models except at the extremes, as would be expected (Haley, McHorney, and Ware, 1994) . IRT results have also suggested that improvements in scale scoring algorithms are possible, especially for the PF scale. This improvement has been incorporated into the improved MDE scoring algorithms for the PCS and MCS.
Establishing that the scales and summary measures meet scaling assumptions is a necessary but insufficient prerequisite for their use. Examination of their validity is necessary to evaluate how well the measures have captured the underlying health constructs. Tests of clinical validity also have been used in conjunction with factor analysis to evaluate the assumptions underlying the construction of the summary measures. These validity tests have been reported in detail elsewhere for other samples (McHorney, Ware, and Raczek, 1993; Ware et al., 1995; Ware and Kosinski, 2001a) . Evidence of the clinical validity of the SF-36 ® in the HOS is available in other publications (Haffer et al., 2003) and interpretation guidelines for the scales and summary measures in the HOS have been published (Ware et al., 2004) .
Finally, we note that while similar to response rates in other mail and telephone surveys of the elderly (Andresen et al., 1996) , the baseline Cohort I response rate was only 64 percent. Non-respondents to the survey may have been more likely to have cognitive deficits, substantial vision or hearing impairments, or other characteristics that might result in poorer data quality. In addition, research has demonstrated that MMC beneficiaries in the 1990s were healthier than FFS beneficiaries (Aber and McCormick, 2000) . Thus, our results may not generalize to all elderly and disabled populations. However, we note that the psychometric methods used are assumed to be robust across samples, and do not assume that the sample analyzed is representative of the underlying population. In addition, mean scores on the PCS and MCS for the HOS elderly in this sample were within 0.5 points of the U.S. general population age 65 or over in 1998 (Ware and Kosinski, 2001a) . Thus, these results provide support for the continuing analysis and interpretation of scores among the elderly and disabled who are able to complete the SF-36 ® Health Survey, including those who by reasons of advanced age, lower education, or substantial illness may be most at risk for poor health outcomes.
